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Abstract  20 
 Adequate nutrition is fundamental for optimal human well-being and productivity. Mahewu, 21 
a non-alcoholic cereal grain beverage, is prepared in many rural settings in southern Africa 22 
by fermenting maize meal porridge. People of all age groups, including infants, consume 23 
mahewu. However, the drink is deficient in essential amino acids and some micronutrients. 24 
This study investigated the effects of adding Moringa oleifera leaf powder (MOLP) on the 25 
nutritional composition and consumer acceptability of mahewu. Moringa oleifera leaf powder 26 
-supplemented mahewu was prepared by substituting a portion of the maize meal used in a 27 
traditional recipe with MOLP at 2, 4 and 6% (w/w) levels. The MOLP was boiled and added 28 
to the fermented porridge (mahewu) prior to consumption. The nutritional composition of the 29 
resulting mahewu samples and standard traditional mahewu were analysed using AOAC 30 
methods.  Sensory evaluation was conducted using (n= 52) untrained panelists who rated the 31 
samples on a five-point hedonic scale.  Adding MOLP resulted in a significant (p < 0.05) 32 
increase in the total mineral content (ash), selected mineral elements, fat and fiber content of 33 
the beverage. The Calcium content increased by 350, 700 and 950% in mahewu samples 34 
supplemented with 2, 4 and 6% MOLP, respectively. The Iron content increased by 106, 214 35 
and 287% in the same order of MOLP substitution levels. However, consumer acceptability 36 
decreased as the percentage of MOLP increased in the beverage. The color and aroma of 37 
mahewu were the sensory attributes most affected by MOLP supplementation. These results 38 
indicate that blanched MOLP could be used to enhance the nutritional profile of maize meal-39 
based staple foods. 40 
Keywords: consumer acceptability; maize; mahewu; moringa; nutrient deficiency 41 
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1. Introduction 43 
In developing regions, especially in sub-Saharan Africa (SSA), malnutrition is a major health 44 
challenge. It is a leading cause of diseases and the increasing death rate among young 45 
children and women of child-bearing age (Muthayya et al., 2013, Ruel-Bergeron et al., 46 
2015). Maize is often used for the preparation of foods, it is consumed in main meals, snacks 47 
and beverages. Mahewu is a fermented maize beverage. It is consumed as a meal as well as a 48 
satiating drink in many rural settings. People of all age groups consume the beverage, 49 
including infants who consume it as weaning food (Awobusuyi, 2015). Although mahewu is 50 
adequate in macronutrients (protein, carbohydrates and fat) and some micronutrients, 51 
(essential vitamins and minerals), it is inadequate in some essential amino acids, especially 52 
lysine and tryptophan, and several micronutrients (Blandino et al., 2003).  53 
Moringa oleifera is an edible plant that is fast gaining recognition worldwide for preventing 54 
and alleviating malnutrition challenges, especially hidden hunger health issues (Saini et al., 55 
2016). M. oleifera leaves are dense in nutrients and are rich in phytochemicals. They contain 56 
substantial levels of protein, with a balanced amino acid composition, and have several 57 
micronutrients, including the B vitamins (Olagbemide and Philip, 2014). Furthermore, M. 58 
oleifera leaves contain appreciable levels of several types of phenolic compounds, which 59 
confer hepatoprotective, anti-inflammatory, anti-proliferative and anti-nociceptive properties 60 
(Jideani and Diedericks, 2014, Saini et al., 2016, Oyeyinka and Oyeyinka, 2016).   M. 61 
oleifera  leaves are endowed with a huge medicinal potency (Stevens et al., 2013, Ikwuakam 62 
et al., 2014) and, therefore, could be consumed along with other food to address diet-related 63 
health challenges. The literature suggests that moringa leaves can be used to mitigate against 64 
atherosclerosis, alleviate oxidative DNA damage and confer cardiac protection (Jideani and 65 
Diedericks, 2014, Saini et al., 2016). The leaves of M. oleifera can be consumed in the same 66 
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manner as other leafy vegetables, i.e. like spinach (Jideani and Diedericks, 2014). Fresh 67 
moringa leaves are used to make soups. They are blanched and used in local salads or used as 68 
a food preservative to increase the shelf life of foods like meat through reducing the oxidation 69 
processes. Dried leaves can be processed into powder, making them readily available for 70 
adding to foods like smoothies and a variety of beverages (Jideani and Diedericks, 2014). 71 
Moringa mahewu is now available commercially.  Research reports indicate that staple food 72 
products supplemented with 1% MOLP were acceptable as the control samples (Moyo et al., 73 
2011; Manaois et al., 2013). Although recent advances in innovations have resulted in the 74 
commercialization of moringa-supplemented mahewu, from the literature available to the 75 
authors, there are no records on the nutritional value and consumer acceptability of such a 76 
product. The feasibility of incorporating moringa leaf powder in mahewu should, therefore, 77 
be evaluated, particularly its impact on the nutritional composition and consumer 78 
acceptability of the beverage, hence the aim of the current study.  79 
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2. Materials and methods 80 
White farmer maize grain obtained from the local market of Pietermaritzburg city, South 81 
Africa, was used in this study. The maize grain was milled into a fine meal using a hammer 82 
mill fitted with a 0.5 mm sieve. The resulting maize meal, commercial MOLP and white 83 
granulated sugar was used to prepare mahewu samples. The method used for preparing 84 
mahewu was obtained from a key informant from the study area (Ntambanana, KwaZulu-85 
Natal, South Africa).  Briefly, 900 mL of tap water was boiled in a medium-sized aluminum 86 
pot. Maize meal (120 g) was mixed with 150 mL of cold tap water to form a paste. The paste 87 
was transferred into boiling water on a hot plate of an electric stove that was set at medium 88 
heat.   The porridge was heated while stirring continuously to prevent formation of lumps. 89 
The porridge was left to cook for 20 min, thereafter, the heat was turned off and the porridge 90 
was occasionally stirred for 35-40 min, until it cooled down to a lukewarm temperature 91 
(400C). Sugar (200 g) was dissolved in 100 mL of cold water and the solution was added to 92 
the porridge to produce a slurry. The slurry was left to stand in a closed cupboard so that it 93 
fermented naturally into mahewu. The pH of fermented samples was recorded in triplicate 94 
and was between pH 4.23 and pH 4.48.  The same method was used to prepare three MOLP-95 
supplemented mahewu samples. MOLP supplementation was achieved by substituting some 96 
of the maize meal to be used for porridge preparation with 2, 4 and 6% MOLP. However, to 97 
minimise the loss of nutrients during preparation, the MOLP was not cooked along with the 98 
other ingredients. The MOLP was placed in a saucepan and covered with 100 mL of cold 99 
water, brought to boiling point at 1000C, cooled to an ambient temperature (about 270C) and 100 
then added to the fermented slurry (mahewu). The MOLP was boiled to suppress the leafy 101 
and bitter taste of raw MOLP. This method was informed by the results of a study where the 102 
effects of food processing methods, such as boiling, simmering, roasting and blanching, on 103 
some anti-nutritional components of M. oleifera were investigated. Studies on the nutritive 104 
   
6 
   
and medicinal importance of M. oleifera  have reported that boiling is the most effective 105 
technique to reduce anti-nutrient factors such as  cyanide oxalate and phytates contents, 106 
which cause an undesirable sensory attribute in foods (Alidou et al, 2016, Ntila et al., 2018). 107 
The nutritional composition of mahewu samples produced and the main raw ingredients were 108 
analysed. Furthermore, mahewu samples were subjected to a sensory evaluation. 109 
2.1 Moisture content 110 
Empty containers were weighed, and the weight recorded. Mahewu samples were poured into 111 
the empty containers and weighed again. The samples were placed in a freeze-drying 112 
machine (VirTis, model #6KBTES-55, SP scientific, USA) for eight to nine days and 113 
weighed again. Small portions of dried mahewu samples were analysed for moisture content 114 
according to the Association of Analytical Chemists Official Method 934.01 (AOAC, 2003). 115 
The bulk of the freeze-dried mahewu samples were ground into powder and packed in zip-116 
lock bags for nutritional analyses. 117 
2.2 Proximate Analysis  118 
The fat content of the freeze-dried samples was determined using a Büchi 810 Soxhlet Fat 119 
extractor (Büchi, Flawil, Switzerland) according to the AOAC Official Method 920.39 120 
(AOAC 2003). Petroleum ether was used for extraction.  121 
 122 
The percentage crude fat was calculated using the following equation: 123 
%	ܿݎݑ݂݀݁ܽݐ ൌ ܤ݁ܽ݇݁ݎ ൅ ݂ܽݐ െ ܤ݁ܽ݇݁ݎݏܽ݉݌݈݁݉ܽݏݏ ൈ 100 124 
The protein content of the samples was measured with a LECO Truspec Nitrogen Analyzer 125 
(LECO Corporation, Michigan, USA) using the AOAC official method 990.03 109 (AOAC, 126 
2003). Briefly, the samples were placed into a combustion chamber at 950 0C with an 127 
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autoloader. The following equation was used to convert the nitrogen content obtained to the 128 
percentage of protein: 129 
	%	ܿݎݑ݀݁݌ݎ݋ݐ݁݅݊ ൌ 	%	ܰ ൈ 6.25. 130 
The total mineral content of all the samples was determined as ash according to the AOAC 131 
official method 942.05 (AOAC, 2003). The samples were weighed and placed in a furnace at 132 
550 0C overnight. The minerals remained as a residue of ash in the crucibles after the 133 
volatilization of the organic matter from the samples. The following equation was used to 134 
determine the percentage of ash that was found in the samples: 135 
%	ܽݏ݄	 ൌ 	ሺ݉ܽݏݏ	݋݂	ݏܽ݉݌݈݁	 ൅ 	ܿݎݑܾ݈ܿ݅݁	݂ܽݐ݁ݎ	ܽݏ݄݅݊݃ሻ 	െ	ሺ݉ܽݏݏ	݋݂	݌ݎ݁ െ ݀ݎ݅݁݀	ܿݎݑܾ݈ܿ݅݁ሻ	ሺmass	of	sample	 ൅ 	crucibleሻ െ ሺmass	of	pre െ dried	crucibleሻ136 
ൈ 	100137 
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Fiber was determined as neutral detergent fiber (NDF). The NDF of the samples was 138 
analyzed using a Dosi-Fibre machine (JP Selecta, Abrera, and Barcelona, Spain), according 139 
to the AOAC Official Method 2002.04 (AOAC, 2002). 140 
The individual mineral elements, including calcium (Ca), magnesium (Mg), potassium (K), 141 
sodium (Na), phosphorus (P), zinc (Zn), copper (Cu), manganese (Mn) and iron (Fe) were 142 
analyzed using the Agricultural Laboratory Association of Southern Africa’s Method 6.5.1. 143 
Briefly, the freeze-dried samples were ashed overnight at 5500C in a furnace and dissolved in 144 
HCl, and then HNO3 was added. The samples were analyzed using an inductively coupled 145 
plasma optical emission spectrophotometer (Vista-MPX 2004, Mulgrave, Varian, Australia). 146 
Calcium and P were determined using the Analytic Jena Spekol 1300 spectrophotometer 147 
(Analytic 110 Jena AG, Achtung, Germany). Iron was determined with the Varian Specter 148 
AA atomic absorption spectrophotometer (Mulgrave, Victoria, Australia) and Zn with the 149 
GBC 905AA spectrophotometer (GBC Scientific Equipment Pty. Ltd., Dandenong, Victoria, 150 
Australia). 151 
2.3 Sensory evaluation  152 
Sensory evaluation was conducted by 52 untrained panelists to determine the consumer 153 
acceptability of MOLP-supplemented mahewu. A five-point hedonic scale (1 = Very bad, 2 = 154 
Bad, 3 = Average, 4 = Good, 5 = Very good) was used by the panellists to determine their 155 
acceptability of samples. To avoid any bias, each sample had a unique three-digit code 156 
acquired from a table of random permutations of nine. The samples were tested in a 157 
randomized order. To get rid of previous taste on the tongue, a cup of aQuelle still mineral 158 
water (South Africa) was served for panellists to rinse their mouths before tasting the first 159 
sample and in between the tasting of each samples. The panellists assessed the four sensory 160 
attributes: color, aroma, mouth feel, taste and overall acceptability of each sample. Ethical 161 
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clearance was granted by the Luwamba Center in Ntambanana (community centre) and the 162 
University of KwaZulu-Natal’s Humanities and Social Science Research Ethics Committee 163 
for the use of human subjects in this study (ethical clearance number: HSS/0559/01016).  164 
2.4 Data Analysis 165 
The Statistical Package for Social Sciences (SPSS version 24) was used for data analysis. The 166 
Analysis of Variance and Duncan’s multiple Range tests were used to test for significant 167 
differences at the cut-off point of p < 0.05.  168 
3. Results and Discussion 169 
3.1 Macronutrient Content of Raw Ingredients 170 
The macronutrient profile of maize meal and M. oleifera leaf powder is presented in Table 1. 171 
Table 1 shows that the macronutrient profile of MOLP is liken the trends reported by Wira et 172 
al. (2005), Witt (2013) and Hopkins (2017). All the macronutrients in MOLP (such as ash, 173 
fat, ADF and NDF and crude protein) were significantly higher than in maize meal, except 174 
the moisture content. Findings of this study reveal that the moisture content of MOLP was 175 
7.83± 0.0%, while in maize meal it was 9.43±0.28 which h agrees with the record reported by 176 
Rajput et al. (2017). The MOLP moisture content in this study is within the expected range of 177 
MOLP moisture content, as reported in other studies (Offor et al., 2014, Shiriki et al., 2015, 178 
Okiki et al., 2015). The moisture content of the maize meal of this study is slightly lower than 179 
that of a study reported by Nuss and Tanumihardjo (2010).  A low moisture content of maize 180 
is desirable as it contributes to good storage quality of the maize meal.  The higher ash 181 
content detected in MOLP compared to maize meal (Table 1) indicates that M. oleifera is a 182 
better source of minerals.  183 
 184 
 185 
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Table 1: Macronutrient profile of maize meal and M. oleifera leaf powder (% dry mass) 186 
Nutrient Maize meal M. oleifera  
Moisture 9.43 ± 0.28b  7.83 ± 0.00a 
Ash 1.38 ± 0.05a  13.08 ± 0.04b 
Fat 4.16 ± 0.01a  8.38 ± 0.63b 
ADF 5.91 ± 0.09a  15.65 ± 0.06b 
NDF 17.20 ± 0.81a  19.50 ± 1.82b 
Crude protein 9.88 ± 0.16a  26.28 ± 0.11b 
Values indicate the mean and standard deviation. Different letters in a row indicate 187 
significant difference (p < 0.05) between values. 188 
The higher protein content detected in MOLP compared to maize meal (26.28% and 9.88%) 189 
agreed with what is often reported in the literature, for example Dhakar et al. (2011).  The 190 
results suggest that MOLP can be explored for addressing protein and energy malnutrition 191 
(PEM) in communities among affected communities, especially rural communities like those 192 
found in rural areas of KwaZulu-Natal, South Africa. The present study obtained a higher 193 
protein content in maize meal compared to results reported by Onyango (2014). These 194 
differences could be due to environmental factors and the processing methods used to prepare 195 
the maize meal samples used between studies. Crude protein is one of the major nutrients that 196 
are essential in building and replacing worn-out or broken tissue, and it is essential for the 197 
growth of muscle, skin, bone and cartilage. Moringa has been reported to contain most of the 198 
essential nutrients, including essential amino acids (Oyeyinka and Oyeyinka, 2016), which 199 
has led to recommendation for daily consumption (Okiki et al., 2015). The fiber content in 200 
MOLP was higher than in maize meal. The adequate intake of fiber  aids human digestion,  201 
reduce the plasma and LDL (bad) cholesterol levels in the body, increase fat excretion and 202 
lowers the chances of developing high blood cholesterol and coronary diseases (Mgbemena 203 
   
11 
   
and Obodo, 2016). Fat was significantly (p < 0.05) higher in MOLP as well, with a mean 204 
value of 8.38%, compared to in maize meal (4.16 ± 0.01%). This is in agreement with the 205 
reports by Madukwe and Fahey Fahey,(2005) and; Madukwe et al. (2013), who found that 206 
dried M. oleifera leaves are rich in fatty acids, including linolenic acid (Fahey, 2005). A 207 
previous study has indicated that M. oleifera leaves contain a high proportion of 208 
polyunsaturated fatty acids (Isitua et al., 2015) and are favored, hence, they are recommended 209 
for human consumption. Polyunsaturated fat acids found in moringa leaves include the 210 
omega-3 fat and omega-6 fatty acids, which are considered healthy (Simopoulos, 2016).  211 
Compared to maize meal, MOLP had an acid detergent fiber (ADF) content almost three 212 
times higher (15.65%) and a neutral detergent fiber (NDF) that was slightly higher. The fiber 213 
level obtained in this study is within the range of the value reported by Madukwe et al. 214 
(2013). High fiber foods are desirable as fiber enhances digestibility (Lattimer and Haub, 215 
2010). Soluble fiber can increase the rate of bile excretion, thereby reducing serum total and 216 
LDL cholesterol. Dietary fiber also has the ability of regulating energy intake, thus enhancing 217 
weight loss or maintenance of a healthier body weight. Through either glycemic control or 218 
reduced energy intake, dietary fiber has been shown to lower the risk for type two diabetes 219 
(Lattimer and Haub, 2010, Jha and Berrocoso, 2016). 220 
3.2 Micronutrient content of raw ingredients 221 
The mineral profile of maize meal and M. oleifera leaf powder (MOLP) is shown in Table 2. 222 
This study showed that MOLP is mineral-dense when compared to maize meal. The values of 223 
levels of the mineral element obtained in this study are generally higher than the values 224 
reported by Moyo et al. (2011). The differences could be a factor of soil fertility. 225 
 226 
 227 
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Table 2: Micronutrient profile of maize meal and M. oleifera leaf powder (% dry mass) 228 
Nutrient Maize meal M. oleifera  
Calcium 0.03 ± 0.02a  2.90 ± 0.01b 
Magnesium 0.09 ± 0.00a   0.64 ± 0.01b  
Potassium 0.29 ± 0.01a    1.44 ± 0.01b  
Sodium 0.00 ± 0.00 a  0.04 ± 0.00b   
K/Ca +Mg 0.86 ± 0.11b    0.19 ± 0.00a   
Phosphorus 0.24 ± 0.01a    0.26 ± 0.00b   
Zinc 20.50 ± 2.12a  27.50 ± 10.61b 
Copper 1.00 ± 0.00a    6.50 ± 0.71b   
Manganese 6.00 ± 0.00a   75.00 ± 1.41b   
Iron*  19.50 ± 3.54a  1091.50 ± 6.6b   
Values indicate mean and standard deviation significantly different p < 0.05. * Units = mg/kg 229 
Table 2 shows a higher calcium content in MOLP than in maize meal. This study agrees with 230 
the calcium content of maize reported by Nuss and Tanumihardjo (2010). Calcium is 231 
considered as one of the essential minerals. This mineral is required for the development of 232 
strong teeth and bones, which is a crucial need in children and pregnant women (Dhakar et 233 
al., 2011). Therefore, incorporating MOLP into a diet, especially in maize-based food 234 
products and other calcium-deficient foods, can be beneficial in enhancing the calcium status 235 
of vulnerable population groups. 236 
3.3 Nutritional Composition of MOLP-supplemented Mahewu 237 
As shown in Table 3, the results show that as the percentage of MOLP was increased the, 238 
nutrient content of mahewu increased. The nutrient content of the MOLP-supplemented 239 
mahewu, particularly fat and fiber, was significantly higher (p < 0.05) than that of 240 
conventional mahewu (control). The protein and ash contents of mahewu samples were also 241 
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higher than the control (Table 3). This suggests that moringa has the potential to enhance the 242 
nutrient of mahewu and similar foods (Abioye, 2015). It is important to note that although 243 
information on the addition of moringa in foods is increasing (Oyeyinka and Oyeyinka, 2016, 244 
Sengev et al., 2013), this study is the first to report on the nutrient profile of MOLP-245 
supplemented mahewu. Moringa powder has been reported to increase the nutritional value of 246 
other starchy food products, such as amala (a stiff dough Nigerian food) and ogi (a maize-247 
based beverage) (Sengev et al., 2013). However, the degree of increase in nutrient levels was 248 
quantified in the previous studies. In this study, the fat content of the mahewu increased by 249 
over 50% with the increase in MOLP content, while that of protein was 11% when 4% 250 
MOLP was added (Table 3).  It has been reported that M. oleifera is a good source of 251 
monosaturated and polysaturated fatty acids (Isitua et al., 2015).  It is generally accepted that 252 
intake of foods rich in unsaturated fat acids, especially the polyunsaturated fatty 253 
acids,  reduces the tendency of increase in blood cholesterol levels and, also reduces the risk 254 
of stroke and heart disease (Garba et al., 2015). 255 
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Table 3: Macronutrient composition of MOLP-supplemented mahewu (% dry mass) 256 
Nutrient Control 2% Moringa 4% Moringa 6% Moringa 
Percentage increase 
2% Moringa 4% Moringa 6% Moringa 
Moisture 4.53 ± 0.65b  2.07 ± 0.15a  2.15 ± 0.03a  5.02 ± 1.56b  -54.3046 -52.5386 10.8168 
Ash 1.66 ± 0.17a  2.14 ± 0.59a  2.02 ± 0,04a  2.27 ± 0.06a  28.9157 21.6867 36.7470 
Fat 1.87 ± 0.10a  3.02 ± 0.08b  3.18 ± 0.06b  2.99 ± 0.07b  61.4972 70.0535 59.8930 
ADF 8.45 ± 0.28b  7.20 ± 1.12a  6.95 ± 0.28a  7.44 ± 0.78a  -14.7929 -17.7515 -11.9527 
NDF 11.70 ± 0.36b  11.22 ± 0.36a  11.47 ± 0.08a  12.03 ± 0.74b  -4.2735 -2.5641 2.5641 
Crude protein 8.92 ± 0.11 a   9.16 ± 0.28 a   9.90 ± 0.05 b   9.89 ± 0.16 b  2.6906 10.9865 10.8744 
ADF= Acid detergent fibre; NDF= Neutral detergent fiber. Mean values with different superscript in each row differ significantly at p<0.05. 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
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Table 4: Micronutrient composition of MOLP-supplemented mahewu (% dry mass) 265 
Mineral Control 2% Moringa 4% Moringa 6% Moringa 
Percentage increase 
2% Moringa 4% Moringa 6% Moringa 
Calcium 0.02 ± 0.00a  0.09 ± 0.01b  0.16 ± 0.00c  0.21 ± 0.00d  350 700 950 
Magnesium 0.11 ± 0.00 a   0.12 ± 0.00 b   0.13 ± 0.01 c   0.14 ± 0.00 d   9.09 18.18 27.27 
Potassium 0.35 ± 0.03 a   0.38 ± 0.01b   0.41 ± 0.01 c   0.41 ± 0.00 b   8.57 17.14 17.14 
Phosphorus 0.26 ± 0.01a  0.26 ± 0.00b  0.26 ± 0.00b  0.26 ± 0.01a  0.00 0.00 0.00 
Zinc 28.50 ± 3.54a  27.00 ± 1.41b  25.00 ± 0.00c  25.00 ± 0.00c  -5.26 -12.28 -12.28 
Copper 2.50 ± 0.71a  3.50 ± 0.71b  3.50 ± 0.71b  4.00 ± 0.00c  40.00 40.00 60.00 
Manganese 7.00 ± 0.00a  9.00 ± 0.00b   9.50 ± 2.12c  10.50 ± 0.00d  28.57 35.71 50.00 
Iron 26.00 ± 2.83a  53.50 ± 0.71b 81.50 ± 4.95 c   100.50 ± 9.19 d   105.76 213.46 286.54 
Mean values with different superscript in each row differ significantly (p < 0.05). * Units = mg/kg.266 
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Although an increase in the fiber content was expected with the increase in MOLP, it was not 267 
observed in this study (Table 4). This might be due to method of preparation or an analysis 268 
error. 269 
The crude protein results indicated that addition of the MOLP, from 2% to 6%, significantly 270 
increased the protein content of mahewu. This confirmed that moringa is an enhancer of 271 
foods low in protein content. According to the study by Mgbemena (2016), MOLP is 272 
comprised of the 20 essential amino acids and other nonessential amino acids (Mgbemena 273 
and Obodo, 2016). Moringa leaf powder (MOLP) has been considered a complete food since 274 
it contains all the essential amino acids required for a healthy body. Adding it on staple foods 275 
improves the protein quality of foods such as plain maize mahewu.  276 
Table 4 shows the mineral composition of MOLP-supplemented mahewu. Just as it was with 277 
the macronutrients, an increase in MOLP content in mahewu resulted in the increase of all the 278 
micronutrients (minerals content) analyzed in this study, except for the Zn content. 279 
 280 
3.4 Consumer acceptability of MOLP-supplemented mahewu 281 
Sensory evaluation results are shown in Figure 1. A higher proportion of panelists indicated 282 
that the control was more acceptable than the MOLP-supplemented mahewu samples. The 283 
reason for the higher acceptance of the control could be that the panelists were more familiar 284 
with the conventional mahewu (control) than the MOLP-supplemented mahewu. Substitution 285 
of maize meal with MOLP changed the color of mahewu from the usual creamy white to slight 286 
green. As a result, the color acceptability of MOLP-supplemented mahewu was low compared 287 
to that of the control. The aroma, mouth feel, taste and the overall acceptability of samples 288 
were also affected negatively by MOLP. This finding is similar to a finding in the study 289 
conducted by Awobusuyi (2015), where consumers indicated a higher acceptability of 290 
   
17 
   
conventional mahewu than the provitamin A biofortified-supplemented mahewu samples 291 
(Awobusuyi et al., 2015). Among all the samples tested, mahewu supplemented with 6% 292 
MOLP was the least acceptable.  The results indicate that a higher percentage of moringa in 293 
mahewu samples results in an undesirable sensory attribute of the beverage.  294 
 295 
 296 
Figure 1. Consumer acceptability of MOLP-supplemented mahewu 297 
 Since the results of nutritional analysis showed that increasing MOLP in mahewu increased 298 
its nutrient content, there is a need for further research to improve the consumer acceptability 299 
of MOLP-supplemented mahewu, which (consumer acceptability) decreases as substitution 300 
with MOLP is increased.   Further recipe formulation and increasing consumer awareness 301 
about the nutritional value of moringa could result in improved consumer acceptability of 302 
MOLP-supplemented mahewu. Another strategy that could be tried to improve consumer 303 
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acceptability of MOLP-supplemented mahewu is using different product names, such as 304 
mahewu amnyama (brownish mahewu)  The local communities already consume brownish 305 
mahewu types that are processed from brown sorghum and, therefore, naming the MOLP-306 
supplemented mahewu: “mahewu  amnyama” could result in increased consumer 307 
acceptability, as consumers would associated it with the brown sorghum mahewu.  308 
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4. Conclusion 309 
Moringa oleifera leaf powder-supplemented mahewu had a higher nutrient content, including 310 
protein and minerals than plain maize meal (conventional/control) mahewu. This suggests 311 
that MOLP is a good ingredient for improving the nutritional value of mahewu to contribute 312 
to addressing nutrient deficiencies among communities who rely on maize as a leading staple. 313 
Sensory evaluation results revealed that the color, aroma, mouthfeel, taste and the overall 314 
acceptability of mahewu were affected negatively by the supplementation with MOLP. The 315 
2% MOLP-supplemented mahewu sample was the most acceptable compared to samples 316 
containing 4% and 6% MOLP. Future research is recommended to improve consumer 317 
acceptability of MOLP-supplemented mahewu.  318 
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